Knee dislocation after revision total knee arthroplasty (TKA) is a dangerous, albeit rare, injury that can lead to neurovascular compromise and permanent disability. A paucity of peer-reviewed literature exists regarding this complication after revision TKA. Tibiofemoral dislocation commonly occurs with minimal trauma, such as rising from a seated position, and is commonly associated with a flexionextension gap mismatch. Prompt diagnosis and expedited treatment of this complication is necessary to minimize the risk of adjacent neurovascular structures. Acute management involves attempted reduction, knee stabilization, and thorough neurovascular workup. Long-term management may require revision surgery, with the level of articular constraint necessary being determined intraoperatively. This article describes 2 cases of relatively atraumatic knee dislocations after revision TKA involving the same semiconstrained components. Patient 1 was a 68-year-old man who sustained an atraumatic posterior knee dislocation 2 months after revision TKA. Patient 2 was a 55-year-old woman who presented after an atraumatic posterior knee dislocation 6 months after revision TKA. In both patients, a semiconstrained construct was used with corresponding revision components prior to dislocation. This article includes a synopsis of solutions for flexion-extension gap balancing and a review of the literature regarding this uncommon complication.
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Figure 2: Bilateral anteroposterior radiograph 6 months after revision to a second constrained total knee arthroplasty.
T otal knee arthroplasty (TKA) is a common treatment option to resolve pain and provide functional improvement in individuals suffering from primary or secondary degenerative joint disease. 1 Although this surgery is often successful, it can be associated with a variety of complications, including infection, neurovascular injuries, stiffness, instability, and dislocation. 1, 2 In the past decade, the incidence of significant instability and dislocation following primary TKA ranged from 1% to 2%.
1,2 However, with the advent of modern surgical techniques and posterior stabilized implants, this incidence has been lowered to 0.15% to 0.5%. 3 Rates of more subtle instability after primary and revision TKA are more common, ranging from 10% to 20%. 3 Dislocation is the most extreme and dangerous form of instability. Tibiofemoral dislocations are associated with a significant risk of neurovascular damage, most commonly involving the popliteal artery, common peroneal nerve, or tibial nerve. 4 If the circulatory and neurological systems are not properly evaluated and treatment is delayed, resultant limb ischemia, soft tissue death, and the eventual need for amputation may occur. 4 Treatment of the acute dislocation involves attempted closed reduction under sedation and assessment of the underlying etiology of the instability. If the knee cannot be reduced in a closed manner, open reduction or revision surgery may be necessary. Following reduction of the dislocation, immobilization in a hinged knee brace or knee immobilizer for 3 to 10 weeks has been recommended. 4 If continued episodes of instability occur, revision surgery is advisable and often leads to an increase in the level of component constraint by at least 1 grade. 3 Due to the rare nature of this complication, the literature reporting dislocation after revision TKA is scarce. This article describes 2 cases of posterior dislocation following revision TKA using the same implant (Legion; Smith & Nephew, Memphis, Tennessee).
Case RepoRts

Patient 1
A 68-year-old man with a medical history of bilateral knee osteoarthritis, pernicious anemia, and bladder cancer underwent a primary left TKA in October 2008 secondary to end-stage degenerative joint disease. He initially recovered well and progressed to full activities of daily living with limited pain. Approximately 16 months later, he developed feelings of instability (knee swelling and buckling) with knee flexion and increasing levels of pain. The patient had less than 10° of laxity of the medial collateral ligament with a firm endpoint on valgus stress testing. Radiographs showed a progressive radiolucent line around the femoral component without evidence of gross implant migration. He was evaluated at another facility and underwent revision TKA for mechanical loosening and knee instability. At revision, he was converted from a standard cruciate-retaining TKA to a constrained construct with the Legion revision system in September 2009. Intraoperative inspection demonstrated intact lateral and medial collateral ligaments and gross aseptic loosening of the femoral component.
During the first postoperative 6 weeks, the patient progressed well and completed a routine course of physical therapy. However, in November 2009, he rose from a chair, felt a twisting motion in his knee, and sustained a posterior left knee dislocation ( Figure 1 ). The patient emergently underwent a successful closed reduction. Perioperative workup revealed no evidence of neurovascular injury, and he was discharged on postoperative day 2 with a knee immobilizer and plan for gradual mobilization over the next 2 to 3 weeks.
The patient presented to the current authors for a second opinion regarding his condition and the need for a potential re-revision surgery. On physical examination, the patient was 74 inches tall, weighed 220 pounds (body mass index, 28.2 kg/m 2 ) and had a left knee range of motion (ROM) of 0° to 80°. A comprehensive knee examination demonstrated good stability in extension but significant instability in flexion, with less than 10 mm laxity with anterior drawer testing. Motor and sensory function was intact to his lower extremities with symmetrical 21 pulses. The patient's preoperative pain, functional, and total Knee Society scores were 58, 65, and 123, respectively. Anteroposterior, lateral, merchant, and mechanical axis radiographs taken at presentation showed a mild valgus knee deformity in the absence of radiolucencies, osteolysis, or gross component migration. These radiographs were compared with those from the emergency room, and it was apparent that the patient had sustained a posterior knee dislocation, where the femoral cam jumped the post of the polyethylene liner.
In December 2009, the patient underwent a second revision left TKA without complication. The tibial component was replaced with a NexGen Complete Knee Solution (Zimmer, Warsaw, Indiana) size 6 anteroposterior wedged tibia with a 123200-mm offset stem extension and a 10-mm tapered, full block augment. The femoral component was revised with a size G LCCK (Zimmer) (represents a 1-size increase in anteroposterior diameter from the extracted implant) with a 163155-mm stem extension, 5-mm distal augment medially, and 5-mm posterolateral augment. A 17-LCCK polyethylene articular surface insert was used due to the history of instability despite 
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adequate stability with a less-constrained posterior-stabilized polyethylene trial. At the end of the operation, flexion was nearly 130° under gravity with the arthrotomy closed, and the flexion gap had been tightened by approximately 1 cm with the upsizing of the femoral component, 10-mm tibial block, and increase in polyethylene thickness.
Postoperatively, the patient followed the authors' routine protocol with early physical therapy and mobilization, 3 weeks of warfarin for deep venous thrombosis prophylaxis, and 24 hours of cefazolin for antibiotic prophylaxis. Home health and physical therapy were arranged for the first 3 postoperative weeks to monitor his international normalized ratio, with a goal of 1.8 to 2.2.
At 2-week follow-up, the patient had progressed to using a cane and had achieved a ROM of 0° to 90°. His staples were removed, and outpatient physical therapy was initiated. At 6-month followup, the patient reported no sensations or frank episodes of knee instability and was satisfied with his outcome. He was able to walk with no assistive device and for distances more than 10 blocks at a time. In addition, he reported being able to climb stairs without difficulty or pain and continued to report no symptoms of swelling or instability. On physical examination, the knee was stable in all directions, with a ROM from 0° to 125°. Radiographs showed a well-placed revision TKA without evidence of wear or loosening (Figure 2 ). At last follow-up 6 months after his second revision surgery, his pain, functional, and total Knee Society scores had improved to 87, 90, and 177, respectively.
Patient 2
A 55-year-old woman with a history of colon cancer, poorly controlled diabetes mellitus, and peripheral neuropathy presented from another institution with an articulating cement spacer after resection arthroplasty for infection. She was referred for reimplantation after an extended course of intravenous antibiotics, and the current examination, 6 months postoperatively, revealed a negative aspiration (cell count and culture) and normal laboratory values (erythrocyte sedimentation rate and C-reactive protein).
The patient was reimplanted with a constrained Legion revision total knee arthroplasty system and a porous tantalum cone to fill a cavitary metaphyseal tibial defect. Ligamentous balance was achieved with a constrained condylar polyethylene because she had some lateral laxity despite firm endpoints with stressing of the medial and lateral ligamentous complexes.
Postoperatively, the patient progressed well and had an uneventful recovery, regaining a full ROM (range, 0°-120°). Approximately 6 months after reimplantation, the patient sustained a posterior knee dislocation while rising from a chair. She was treated initially with closed reduction, with a second dislocation occurring from a similar mechanism of action 6 days later. She was revised to a larger polyethylene (increase from 18-25 mm) with adequate intraoperative stability obtained with a constrained polyethylene liner. The patient sustained a third dislocation 6 months later and was subsequently revised to a rotating-hinge prosthesis with no further episodes of instability.
DisCussion
Knee dislocation following primary TKA is a rare and devastating complication. 5 A paucity of data exists regarding dislocation after revision TKA (Table 1) . Hanssen and Rand 6 reported 2 cases of knee dislocation following 53 revision TKAs involving the Kinematic Stabilizer prosthesis (Howmedica, Rutherford, New Jersey). One patient required revision TKA after a failed primary TKA for osteoarthritis. She subsequently sustained posterior dislocations at 2, 3, and 12 months following revision. After immobilization for 2 months in a full-extension cast, she had no instability or dislocations. They reported a second case in a patient with rheumatoid arthritis after revision TKA for a failed primary TKA. She subsequently reported multidirectional instability before sustaining a posterior dislocation and extensor mechanism rupture 24 months after revision. The patient eventually underwent a second revision to a rotating-hinge prosthesis that alleviated the instability. 6 In 1992, Sharkey et al 7 reported 2 cases of posterior dislocation following revision TKA. One case of a dislocation occurred on postoperative day 3 after a revision TKA for patellar dislocation and knee flexion instability. The patient required an Elmslie procedure with a thicker tibial spacer to correct the problem. The second patient sustained a knee dislocation 7 years after revision TKA, secondary to nonunion of a previous patellar fracture and knee flexion instability. A full revision TKA was performed and supplemented with a lateral patellar retinaculum release to regain knee stability. 7 In a more contemporary review, Buechel 8 described 2 cases of posterior dislocation after revision TKA. The first patient required a revision TKA 9 years after a primary TKA failed for unspecified reasons. Following revision surgery, 
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the patient sustained patellar and posterior knee dislocations due to a 90° rotary subluxation of the tibia on the femur. The instability was rectified by revising the tibial component to a modular, rotating platform device with an anterior rotational stop pin to prevent excessive knee rotation. The second patient underwent revision TKA due to rotary subluxation 9 years after undergoing primary TKA. Eight days after revision, radiographs showed a posterior knee dislocation due to rotary subluxation of the bearing surface. The patient underwent a similar revision procedure using a device with an anterior rotational stop pin. 8 Buechel 8 reiterated that instability during knee flexion is a risk factor for dislocation.
Arumilli et al 9 reported a case of posterior dislocation 3 years after revision TKA involving a posterior super stabilized Kinemax revision TKA (Howmedica). Prior to the dislocation, the patient reported that his knee gave way when he rose from chairs, and radiographs confirmed a posterior dislocation. The patient subsequently underwent closed reduction and was placed in a long-leg cast for 6 weeks. The patient had no further episodes of instability, leading the authors to conclude that obtaining symmetric flexion and extension gaps in posterior-stabilized arthroplasty is the most important factor influencing the probability of dislocation. 9 Obtaining symmetric flexion and extension gaps has a strong influence on final knee ROM and kinematics after TKA.
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Ensuring that the space between the femur and tibia is equal throughout knee flexion and extension is crucial to achieving clinical success in primary and revision TKA ( Table 2 ). The largest determinant of balancing the knee in extension is adequate and appropriate ligamentous release, whereas the flexion gap depends on femoral sizing and rotation. 11 In the setting of a flexion-extension gap mismatch, greater constraint may be required to achieve stability. This greater level of constraint can be associated with more rapid wear and component loosening rates secondary to load-transfer forces on the constraint point. Alternatively, if a more constrained implant is not used and subtle instability remains, recurrent swelling and pain is likely to occur. 12 This may later manifest in a greater magnitude of instability and ultimately increase the risk of future dislocations. [5] [6] [7] [8] When using a standard posterior-stabilized polyethylene liner, flexion instability is hypothesized to occur in the setting of a strong contraction of the hamstring with a knee in deep flexion, causing the femoral component to jump over the tibial polyethylene insert and dislocate. 3 Dislocation in cruciate-retaining implants can occur late secondary to posterior polyethylene wear from a posterior cruciate ligament that is too tight. It is paramount for surgeons to balance the flexion-extension gaps regardless of the level of constraint used for primary or revision TKA.
ConClusion
The literature regarding knee dislocation after primary TKA is expanding, but examples of dislocation after revision TKA are lacking. Although this complication is rare, it must be accurately diagnosed and treated when it occurs due to its serious implications. Optimal jump heights of polyethylene The goal is to balance the gaps as too tight or too loose. The flexion gap can be tightened with a larger implant or the extension gap can be loosened with an additional distal femoral resection. When mismatch is too great, a hinge prosthesis may be needed.
When only loose in flexion, increasing the femoral component size, removing the posterior slope from the tibia, or offsetting the femoral component posteriorly fills the flexion gap.
Tight
The goal is to balance the gaps as too tight or too loose. The flexion gap can be loosened with a smaller implant or the extension gap can be tightened by adding distal femoral augments. When the mismatch is too great, a hinge prosthesis may be needed.
When gaps are equally tight, the resection of more tibia or downsizing of the polyethylene will help both gaps.
Flexion gap tightness is treated with downsizing the femoral component, adding more posterior tibial slope, or offsetting the component anteriorly.
Wellbalanced
Loose extension can be managed by bringing the femur down with distal augments, or the flexion gap can be increased to match the extension gap by downsizing the femur or removing the tibial slope and then corrected as shown in the loose-loose field above.
Extension tightness can be improved by resecting more distal femur or performing a posterior capsular release.
No solution.
